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Abstract 
In the paper, the recent river channel evolution characteristics of the Huangshi river section, where the Huangshi 
Yangtze navigation sign maintenance project will be located, is analyzed. The effect on the water level and flow 
speed caused by the project is studied by using the river hydraulics calculating method. The river shore slope stability 
and dyke seepage are calculated. The effect on the river regime, flood discharge and flood control works is 
comprehensively discussed. Studying results show that the effect caused by the project on the river regime and flood 
control works etc. is very limited. 
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1. Introduction 
The middle reach of Yangtze river, which is managed by Wuhan Yangtze river navigation bureau, is a 
complex section. The river course has many twists and turns. The river regime is unstable and the shoals 
change in complex. After using the Wuhan navigation mult-functional port, the navigation sign 
maintenance work in the whole managing area has obviously been improved. But it is not the best 
economical scheme to send all the navagation sign equipments to Wuhan for maintaining and repairing. 
In order to shorten the maintain period and reduce the maintain costs, it is necessary to construct a new 
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navigation sign maintenance center in Huangshi navigation branch office for doing some small-scale 
maintanence work. 
The river channel evolution of the river section where the project is proposed to be built is studied. The 
effect on the river legime, the existing flood control projects is analysed by using hydrulics, slope stability 
analysis and dyke seepage calculation. 
2. Basic Background 
There are quite a few reefs at the Huangshi section of Yangtze River. The backflow near Xihanshan is 
strong. That brings difficult for the boats passing by. Because the navigation sign is not perfect, some 
boats would enter the port area by mistake and sometimes collide with the port equipments [1]. Based the 
present situation, a new navigation maintenance center is planed to be constructed on Yangtze River 
Huangshi section. The proposed project is located 200 m of downstream of the Yuedong Yangtze bridge 
at Sanhua town, Xishui County. The project consists of 4 parts:  
A. one slope slide (76.53^ 17m); B. maintenance and repairing workshop, 2500㎡ business office and 
warehouse, 2597.3㎡  storage; C. one 16T truck lifter, one 16T tire crane, one 5T forklift truck, two 10T 
loading trucks, one trolley type coating producing line and one concrete mixer; D. water supply and 
sewage system, electric power, telephone and information equipments etc. 
2.1. River Channel Situation 
Huangshi Yangtze river section starts at Huifengji rocky on the left-bank of Yangtze River, and 
finishes at Xisaishan on the right-bank. It is 15.5km long and belongs to simple micro-curved type river 
channel (see fig 1).  There is respectively a hill rocky at the mouth and at the end of the river section. 
They are Huifwngji rocky and Xisaishan. They control strongly the water flow. The right bank is a 
concave bank eroded by the water flow and consists of Maoerji, Haiguanshan etc distributed in arc-shape. 
These rockies make the Huangshi curved channel pretty stable. The width of the Huangshi curved 
channel is between 900 and 1200 m. Left bank has a wide Sanhuazhou island beach with a 700m 
maximum width. 
In this river section, the main channel of the river starts at left side's Huifengji, then transits to right 
side's Huangshi port district, after entering Huangshi curved channel composed of Shihuiyao, 
Huangsiwan and Xisaishan. 
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Fig 1. River regime map at Huangshi River section (August, 2010) 
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2.2. Hydrologic & Silt Characteristics 
There is no hydrologic measuring station in this river section. Upper stream's Hankou hydrologic 
measuring station is the nearest one, which has collected hydrologic, silt data since 1865. Due to the 
multi-yearly average flow difference between Hankou river section and Huangshi section is less than2%, 
the hydrologic and silt data from Hankou measuring station can be used for this river section. 
Before the Three Gorges dam started operation, the yearly average runoff of the water flow (between 
1954 and 2002) at Hankou hydrologic station is 711.2 billion m³. Yearly average sediment discharge is 
0.398 billion ton. Yearly average sediment concentration is 0.565kg/m³. Yearly average (from 1987 to 
2002) particle size of the suspended matter is about 0.01mm. 
After the Three Gorges dam started operation, the yearly average runoff of the water flow at Hankou 
hydrologic measuring station is almost the same as it before its operation, but the sediment discharge 
obviously decreases (it decreases about 86%). In 2007 the sediment discharge recovered to 0.114 billion 
ton. In 2009, it is 0.087 billion ton. The sediment discharge is 13 % less than that of the multi-yearly 
average [2]. 
2.3. River Channel Boundary Conditions 
The landform of the north bank of the Huangshi river reach is river flat or alluvial plain. Most of the 
south bank is small hill area [3]. Many rocky hills distribute discontinuely along the two river banks. The 
river channel can only moved among them. The two rocky hills (Huifengji and xisaishan) at the beginning 
and the end of the river section come out to river. They control strongely the water flow. Maoerji, 
Haiguanshan etc. rocky hills, which distribute in arc-shaped, keep the Huangshi curved channel as a 
stable river channel. 
2.4. Water Flow Calculation Conditions 
The water flow calculation condition is shown in table 1. 
Table 1. Water flow calculation condition effect caused by proposed project  
Operating condition Flow(m³/s) Water level at the project(m) Notices 
Operating condition 1 76100 25.56 The maximum flow since 1954 
Operating condition 2 22500 17.40 Multi-yearly average flow 
Operating condition 3 7500 10.88 River governing water level flow 
3. The Characteristics of Riverbed Evolution near the Proposed Project 
  The proposed Huangshi navigation sign maintenance center is located at 200m downstream of the Yue 
dong Yangtze river bridge. Due to control by several rocky hills, the river channel at the river section 
where the project is to be constructed is very stable and the thalweg has little changed for many years [4]. 
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  Over the years (1981-2010) the riverbed at the cross-section near the project location is eroded and 
silted alternatively. The erosion-silt variation on the left bank is small. On the other hand, the variation 
range of erosion-slit on the right bank is relative large, and the serious erosion happened in April 2006. 
The deep groove is alway on the right side and moves around in a range of 350m. On the left side of the 
riverbed the maximum erosion-silt range is 9m, and it is about 10m on the right side.  It is small in the 
middle part of the river bed.  The ratio of the width-depth of the cross-section changes between 1.6 and 
1.9. 
4. Related Calculating Formula 
4.1. River Channel Hydraulics Calculation 
4.1.1. Method of Local Water Head Loss 
 The hydraulic calculating method is derived as follow: The method is based on two hypothesises. 
Firstly, the flow speed near the upstream cross-section before and after the project keeps the same value.  
Secondly, the water level at downstream cross-section keeps the same before and after the project finish. 
The cross-section Bernouli equations before and after the project finish are: 
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The water level change at the upstream after the project finish can be deduced: 
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According to the formula of calculating the local water head loss coefficient: we can get the follow 
formula: 
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The local water head loss coefficient enlarging suddenly: 
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The local water head loss coefficient getting small suddenly: 
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                                                          (7) 
In the formula: hw1, δ1 are respectively the local water head loss and coefficients when the cross-
section enlarges or get small suddenly; hw2, δ2 are respectively the water head loss and coefficient caused 
by the building resisting the water flow. Due to the windlass's foundation and the slope slide of the 
project are located near the bank with small water depth, the flow speed distribution along the depth can 
be ignorance. λ  is the ratio between eating water depth of the building and the water depth at this location. 
s is the length of the building on the calculating cross-section. B is the difference between the width of 
calculating cross-section and length of the building. β  is the shape coefficient of the building. α is the dip 
angle of the building. Seeing from the river cross-section shape, the building is almost under the river, the 
dip angle is 90; A1、A2  are respectively the calculating cross-section area before and after the building 
finish. 
4.1.2 .Constant Gradient Flow Method  
After the project finishing, the water surface line at upstream looks like a M-type overflow-waterfall 
curve. According to the hydraulic constant gradient equation for the open channel, the length of overflow-
waterfall curve can simply be calculated. The result can be used as the effect size caused by the building. 
The opening channel constant gradient equations are as follow: 
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  Substituting the difference to differential, ignoring the flow speed, water head change along the 
flow direction, the  fomula can be simplified to        
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In the formula,△S  is the effect curve length of the upstream water level of the project; K is the cross-
section flow modulus before building the project. △Z  is the water level change. 
Flow speed modulus RACK  , it shows the comprehensive effect to the water passing ability 
caused by the shape and size of the river cross-section and roughness. 
4.2. Seepage Calculation  
  Quasi-3D non-homogeneous saturation stable seepage model is used in this calculation. The equation is:  
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In the formula, H is the total water head, x, y, z are the cartesian coordinate system; kx, ky, kz are 
respectively the saturated seepage coefficients along the three coordinate axis. 
To the dyke project, the first-type boundary condition is used on the upstream and downstream water 
level boundary. The stable-seepage free-surface is used as a second boundary without considering the rain 
seepage. (flow quantity q=0). 
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4.3. Dyke Slope Stability Calculation 
4.3.1. Effective Stress Method 
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In the formula, W1 is the weight of the block above the water surface and out of the dyke (kN) the 
natural bulk density is used above the saturation line and the saturation bulk density is used under the 
saturation line ; W2 is the weight of the block under the water surface and out of the dyke (kN), the float 
bulk density is used here; Z is the distance from the water level outside of the dyke slope to the bottom 
center point of the calculating block (m); u is the pore water pressure in the dyke or bottom of the dyke 
when the seepage arrives stable (kpa), u=γw Z', Z' is the height from the saturation line to the bottom 
center point of the block (m); β is the angle between the block's gravitity line and the radius passing the 
bottom center of the block (degree); γw is water's bulk density (kN/m³); b is the width of a single soil 
block (m); C', φ' is the soil's shear strength (kN/m³). 
4.3.2 .Total Stress Method 
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In the formula, W  is the block grativity (kN); b is the width of single soil block (m); β is the angle 
between the block's gravitity line and the radius passing the bottom center of the block (degree); Ccu, φcu  
are soil's shear strength (kN/m³);  ui  is the pore water pressure before the dyke water level descends (kPa). 
5. Analysis on the Effect on the River Regime and Flood Control Caused by the Project 
5.1. Effect on the River Regime 
River regime means the relationship between the water flow and riverbed during the period of the river 
channel's evolution. It can be shown by using relative location between the main stream line and 
shoreline[5]. 
The calculating result of hydrologics shows: The maximum flood water level at the project site after it 
is finished will decrease 1.2mm, The relative upstream waterfall area is 20.2m. The average flow speed 
will decrease 0.007m/s. Flood water level, upstream waterfall area and the main stream do not have 
obviously change after the project is finished. 
The effect on the stability of the river regime is very limited. 
5.2. Effect on the Existing Flood Control Project 
The hydraulic calculation results show: In the case of the operating condition 1, the average flow speed 
after the project' finish will decrease 0.008m/s. In the other two operating conditions, the average flow 
speed will decrease 0.003-0.008m/s. The effect on the existing flood project is limited. 
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The anti-slide stability calculating result show: Under the design flood operating condition, the anti-
slide stability safety coefficient of the back-water slope of the dyke is 2.392. When the front water dyke 
slope meets the design flood water level decreasing suddenly, the anti-slide stability coefficient is 1.211. 
Under the dry water season operating condition, the stability coefficient of the front water slope is 1.448. 
The anti-slide stability coefficient of all of the three cases satisfies the requirement of the design 
specification. The effect on the dyke and its slope's stability is limited. 
The seepage calculating results show:  The vertical escape gradients at the dyke's bottom before and 
after the project built are respectively 0.033 and 0.036. The horizontal escape gradients are respectively 
0.196 and 0.199. The escape gradient is within the permit value. The seepage will not destroy the dyke. 
5.3. Effect on the Flood Control and Rescuing  
Huangshi navigation maintenance center is located on the both sides of Yangtze River main dyke. The 
nearest point of the outside slide to the dyke's bottom has 190m away. The nearest point of the inside 
building to the dyke's bottom is 34m away. The project will not affect the flood control and its rescuing. 
Furthermore, the outside building of this center will be scheduled to be constructed during the dry season, 
so there is no effect when the project is being constructed. 
In addition, the existing Yuedong bridge will be used as the road to go up the dyke for the project. 
There is no other project to be constructed in this area and the road to go down the dyke already exists, 
and it is not a busy road.   
To sum up, the project will not effect seriously on the flood control and its rescuing. 
5.4. Effect on Flood Control Caused by the Subsidary Buildings and the Constructing Period 
The subsidary buildings consist of storage, parking lots, comprehensive building, Electric substation 
and repair workshop etc. The enclosing wall on the inside of the dyke is 34m away from the dyke bottom. 
The nearest permanent construction to the dyke's bottom is the comprehensive building. It is 70m away 
from the dyke's bottom and satisfies the requirement of relative specifications. The subsidary buildings 
have no harmful effect on the flood control. 
At the Yangtze river Huangshi reach, the flood season is from May to October, the other months is the 
dry season. All the projects  belong to regular construction, such as reinforcing the outside cross over-
dyke road, dumping stone to fix the slide's bottom, revetment engineering along the both sides of the slide, 
the construction of the slide and the inside pile foundation construction.  The effect on the flood discharge 
is not serious during the construction of the subsidiary buildings. 
6. Conclusion  
All the relative calculating results show: The effect on the river regime, existing flood control project, 
flood control and rescuing etc. caused by the proposed project named Huangshi navigation maintenance 
center is not serious. To construct this project has obvious realistic significance in many aspects such as 
comprehensively using existing resources, improving the function of the multi-function port in 
management area and increasing the efficiency of the navigation maintenance work. Considering the 
safety, it is suggested to strengthen to measure the river channel's topography and to study the hydraulic 
measurement data during constructing period and after the project finished.  
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